1. Introduction {#sec0005}
===============

The serious attack of Coronavirus Disease 2019 (COVID-19), infected by Severe Acute Respiratory Syndrome (SARS) Coronavirus 2 (SARS-CoV-2), has quickly spread around the globe \[[@bib0005], [@bib0010], [@bib0015]\]. Till August 8, 2020, over 19,000,000 people have been confirmed infected and more than 700,000 people have died during this severe viral prevalence. COVID-19 pandemic has caused a serious threat to public health and become the greatest challenge facing the world.

Recent advances have discovered that COVID-19 is a systematic disease targeting the lungs, vasculatures, and immune system, and involves severe lung inflammation and immune deficiency in terms of cytokine storm, neutrophil extracellular traps, as well as imbalance of lymphocyte subsets and so forth \[[@bib0020], [@bib0025], [@bib0030]\]. Cytokine storm is an excessive immune response of the body to external stimuli such as viruses, which will stimulate the secretion of a large number of inflammatory factors and lead to cytokine cascade reaction \[[@bib0020],[@bib0030]\]. Patients with severe cases will develop acute respiratory distress syndrome and septic shock, and eventually develop multi-organ failure and death \[[@bib0025]\]. The basic clinical treatments for COVID-19 include anti-infectious, anti-proinflammatory cytokines, nonspecific antiviral as well as life support therapies \[[@bib0030], [@bib0035], [@bib0040]\]. There are multiple drug trials going on, but there are no specific anti-SARS-CoV-2 drugs or vaccines till now. It is urgent to develop effective drugs to contain and treat COVID-19.

For thousands of years, traditional Chinese medicine (TCM) plays an important role in treating human diseases \[[@bib0045], [@bib0050], [@bib0055], [@bib0060], [@bib0065], [@bib0070]\]. Lianhua Qingwen (LHQW) is a classical Chinese medical preparation, while one of its prescription compositions Maxingshigan Decoction has a history of more than thousand years to treat plague, and exhibits antiviral and lung protection actions \[[@bib0075],[@bib0080]\]. LHQW is now officially recorded in *Chinese Pharmacopeia* (2015 Edition) and has been used to treat viral influenza for more than one decade, including in the fight against SARS in 2002--2003 in China \[[@bib0085]\]. This review has introduced the advances of LHQW in anti-viral treatment, intending to provide ideas for the timely treatment of COVID-19 patients.

2. Methods {#sec0010}
==========

The literature materials were collected from the scientific databases including the Pubmed, CNKI and Web of Science (up to August 8, 2020), on ethnobotany and ethno medicines. The search keywords for screening the literature information were "virus", "COVID-19", or "SARS-CoV-2", and "Lianhua Qingwen". The documents were filtered and summarized for final evaluation.

3. Advances of LHQW in laboratory researches and clinical trials {#sec0015}
================================================================

LHQW prescription (capsules type, or granules type) consists of 11 herbs, gypsum and menthol \[[@bib0090]\]. It includes *Forsythia suspensa* (Thunb.) Vahl. (Lianqiao), *Lonicera japonica* Thunb. (Jinyinhua), *Ephedra sinica* Stapf (Mahuang), *Armeniacae Amarum* Semen (Kuxingren), *Gypsum Fibrosuum* (Shigao), *Isatis tinctoria* L. (Banlangen), *Dryopteridis Crassirhizomatis* Rhizoma (Mianmaguanzhong), *Houttuynia cordata* Thunb. (Yuxingcao), *Pogostemon cablin* (Blanco) Benth. (Guanghuoxiang), *Rheum palmatum* L. (Dahuang), *Rhodiola rosea* Linn. (Hongjingtian), *Mentha haplocalyx* Briq. (Bohe), *Glycyrrhiza uralensis* Fisch. (Gancao) with a herbal ratio of 170 g: 170 g: 57 g: 57 g: 170 g: 170 g: 170 g: 170 g: 57 g: 34 g: 57 g: 5 g: 57 g, which is recorded in *Chinese Pharmacopeia* (2015 Edition).

Jia and colleagues established a rapid ultraperformance liquid chromatography coupled with diode-array detector and quadrupole time-of-flight mass spectrometry (UPLC-DAD-QTOF-MS) to analyze the major constituents of LHQW capsule, and the results demonstrated that 12 representative compounds were quantified as chemical marker, including salidroside, chlorogenic acid, forsythoside E, cryptochlorogenic acid, amygdalin, sweroside, hyperin, rutin, forsythoside A, phillyrin, rhein, and glycyrrhizic acid \[[@bib0085]\]. Recent study then showed that the main components of LHQW included chlorogenic acid, caffeic acid, isochlorogenic acid B, isochlorogenic acid C, phillyrin, forsythiaside A, and rutin by high performance liquid chromatography (HPLC) analysis \[[@bib0095]\]. Emerging data have also shown its beneficial effects in treating diverse diseases such as acute respiratory infection, influenza, pneumonia, hand-foot-mouth disease, chronic obstructive pulmonary disease (COPD), as well as COVID-19 \[[@bib0100], [@bib0105], [@bib0110], [@bib0115]\].

3.1. *In vitro* studies with LHQW {#sec0020}
---------------------------------

### 3.1.1. *In vitro* studies on influenza virus infection {#sec0025}

*In vitro,* LHQW capsules could inhibit the proliferation of influenza viruses of various strain with the 50 % inhibitory concentration ranging from 0.35 to 2 mg/mL \[[@bib0120]\]. It blocked the early stages (0−2 h) of virus infection, and reduced virus-induced nuclear factor-kappa B (NF-κB) activation and the gene expression of interleukin (IL)-6, IL-8, tumor necrosis factor (TNF)-α, interferon-inducible protein (IP)-10, and monocyte chemoattractant protein (MCP)-1 \[[@bib0120]\]. In addition, LHQW treatment efficiently impaired the nuclear export of the viral RNPl \[[@bib0120]\].

LHQW capsules also showed a multi-access effects on anti-human influenza A virus H3N2, including the prevention effect on virus adsorption, inhibition on virus proliferation after adsorption and direct killing of the virus \[[@bib0125]\]. Meanwhile, the median effective concentrations (EC50) in above-mentioned effects were 0.042, 0.031, 0.051 and 0.050 mg/mL, respectively, while the prevention effect on virus adsorption was the strongest \[[@bib0125]\]. Moreover, LHQW capsule also remarkably decreased the infectivity of H3N2 *in vitro* \[[@bib0125]\]. In addition, LHQW capsules could inhibit both Victoria and Yamagata lineages of influenza B virus (IBV) with the 50 % inhibitive concentrations ranging from 0.228 ± 0.150 to 0.754 ± 0.161 mg/mL \[[@bib0130]\]. LHQW capsules not only had hemagglutination inhibition activity against B/Guangzhou/0215/2012 of influenza B virus, but also inhibited the over-expression of RANTES, IL-6, IL-8, IP-10, TNF-α, MCP-1, macrophage inflammatory protein (MIP)-1β, and interferon (IFN)-λ at the mRNA level and prevented a severe inflammatory response \[[@bib0130]\].

### 3.1.2. *In vitro* studies on SARS-CoV-2 infection {#sec0030}

The recent network pharmacology studies showed that the effects of LHQW prescription was related to virus infection, inflammation and immunity, moreover, its main active ingredients were verified by molecular docking with angiotensin-converting enzyme 2 (ACE2), one receptor of SARS-CoV-2, so as to have a therapeutic effect on COVID-19 \[[@bib0135], [@bib0140], [@bib0145]\]. Further evaluation revealed that LHQW significantly inhibited SARS-CoV-2 replication in Vero E6 cells, markedly reduced pro-inflammatory cytokines (TNF-α, IL-6, CCL-2/MCP-1 and CXCL-10/IP-10) production and resulted in abnormal particle morphology of virion in cells \[[@bib0150]\].

These *in vitro* studies indicate that LHQW shows a wide range of antiviral activities including its anti-SARS-CoV-2 role. Its effects are partly due to its regulation on immunity functions, and inhibitory effects on virus replication and pro-inflammatory cytokines release.

3.2. *In vivo* studies with LHQW {#sec0035}
--------------------------------

### 3.2.1. *In vivo* studies on influenza virus infection {#sec0040}

To clarify the *in vivo* effects of LHQW, Gao and colleagues recently showed that LHQW could treat influenza A virus infection in H1N1 mouse model by improving pathologic alterations and body weight loss, and reducing virus replication, lung lesions as well as inflammation \[[@bib0095]\]. Furthermore, they identified two important metabolites, prostaglandin F~2α~ and arachidonic acid, and their arachidonic acid metabolism pathway, as vital indicators of LHQW in treating influenza by using serum metabolomics analysis \[[@bib0095]\]. LHQW also decreased the influenza viral titers in the lungs of mice, with decreased inflammatory cytokine levels in the early stages of infection \[[@bib0120]\]. In mice after infected with the flu virus FM1, LHQW capsule obviously increased IFN-γ content in lung homogenate and significantly reduced the levels of TNF-α, IL-1β and IL-6 in lung tissues, and had inhibiting effect on the marked decrease of CD4^+^ and CD4^+^/CD8^+^ \[[@bib0155],[@bib0160]\].

Recent data indicated that orally administered LHQW capsules (100−400 mg/kg/day) could alleviate IBV-induced pathological change and decrease the abnormal increased inflammatory cells in lung tissues, but did not reduce the lung viral load and mortality in mice \[[@bib0130]\]. Further investigation confirmed that the combination treatment of LHQW capsules (200 mg/kg/day) with oseltamivir (2 mg/kg/day) markedly reduced IBV infection over the individual administration of either alone *in vivo*, proving that LHQW capsules could be used as an assistant drug to enhance the effect of oseltamivir against IBV infection \[[@bib0130]\].

### 3.2.2. *In vivo* studies on lung injury {#sec0045}

In a lipopolysaccharide (LPS)-induced acute lung injury animal model, LHQW could efficiently decrease the chemotaxis of monocytes toward the pulmonary infection foci, and thus blocked the disease development by down-regulating MCP-1 expression \[[@bib0165]\]. In treating fine particulates PM2.5 (7.5 mg/kg)-exposed model rats, LHQW significantly relieved the pathological changes of thickened alveolar septum, congestion of capillary, interstitial edema and infiltration of lymphocyte and neutrophil surrounding bronchiole \[[@bib0170]\]. In addition, LHQW had antagonist effects on the pulmonary oxidative lesions that induced by fine particulates PM2.5 in rats \[[@bib0170]\].

These *in vivo* data further demonstrate the antiviral effects of LHQW as well as its lung protection role. Nevertheless, none of the *in vivo* studies are directly focused on Corona virus or COVID-19.

3.3. Clinical trials with LHQW {#sec0050}
------------------------------

### 3.3.1. Clinical trials on common cold {#sec0055}

A recent clinical trial including 36 common cold with wind-heat syndrome patients demonstrated that LHQW (three times daily for four days) treatment could significantly reduce TCM symptom score, with the median time to fever relief of (4 ± 5) h and the median time to fever clearance of 36 h \[[@bib0175]\]. During the study, no serious adverse events were reported.

### 3.3.2. Clinical trials on influenza virus infection {#sec0060}

Compared with oseltamivir, LHQW achieved a similar therapeutic effectiveness with reduction of the duration of illness and duration of influenza A virus H1N1 shedding \[[@bib0180]\]. Further clinical trial showed that LHQW was superior to oseltamivir in improving the symptoms of influenza A virus infection by a meta-analysis of randomized, controlled trials \[[@bib0185]\].

A multi-center, randomized, double-blind, and placebo-controlled phase II clinical study, sponsored by Yiling Pharmaceutical Inc., was conducted to investigate the safety and efficacy of two doses of LHQW capsule compared to placebo in subjects with acute uncomplicated influenza in the U.S.A (<https://www.clinicaltrials.gov/ct2/show/study/NCT02867358>). A total of 420 participants with influenza (ages from 18 years to 65 years) were randomly divided into three groups: high dose LHQW capsule treatment (6 capsules each time, bid), low dose LHQW capsule treatment (4 capsules of LHQW + 2 capsules of placebo each time, bid) and placebo intervention (6 capsules of placebo each time, bid). The outcome measures included the alleviation of fever and other symptoms including nasal congestion, sore throat, cough, aches and pains, fatigue, headache, chills or sweats in subjects with acute uncomplicated influenza. Now, there are no study results posted on ClinicalTrials.gov for this study yet. The results are expected to enhance its effectiveness against viruses.

### 3.3.3. Clinical trials on COPD and pneumonia {#sec0065}

COPD is characterized by a chronic inflammatory response and can be worsened by acute exacerbations. LHQW had been proven to accelerate the improvement of acute exacerbation of COPD (AECOPD) patients, especially for the high-risk subgroup, due to the decreased release of inflammatory mediators including IL-8, TNF- α, IL-17, and IL-23 \[[@bib0190]\]. The recent meta analysis reported 22 studies with a total of 2,007 patients, showing that the adjuvant therapy of LHQW with western medicine could improve the clinical efficiency and C-reactive protein index, shorten the time of antifebrile, cough time, rhondros duration and imaging time, as well as speed up the recovery of pneumonia patients \[[@bib0195]\]. Though the quality of the included literature was mixed, the lung protection effects of LHQW was demonstrated.

### 3.3.4. Clinical trials on COVID-19 {#sec0070}

As COVID-19 has led to serious death and lacks treatment strategies, the potential therapeutic drugs are increasingly being explored. Recently, a single center retrospective study showed that LHQW granules (6 g, tid) combined with conventional therapy (nutritional support therapy, symptomatic therapy, antiviral and antibiotic medication) could significantly relieve the symptoms like fever, cough, weakness and short breath in COVID-19 suspected cases with good safety \[[@bib0200]\]. Wang et al. conducted another single center clinical trial which was showed that seven days after treatment with LHQW granules (6 g, tid) in conjunction with conventional treatment for COVID-19 patients had a total effective rate of 92.73 % accompanied by significantly reduced major symptoms including fever, cough, fatigue and chest tightness \[[@bib0205]\]. Meanwhile, the network pharmacology analysis confirmed that its effects were mainly focused on the biological processes such as the response to LPS, the molecular response to bacterial origin, the response to metal ions and cell biological stimulation \[[@bib0205]\]. It may benefit the treatment of COVID-19 by the signaling pathways such as advanced glycation end products (AGE)-receptor of AGE (RAGE), TNF, sarcoma-associated herpesvirus infection, IL-17 and human cytomegalovirus infection \[[@bib0205]\]. The quadruple combination therapy including Ribavirin, Lopinavir/ritonavir, Umifenovir, and LHQW, could markedly improve the abnormal coagulation and leukocyte of severe COVID-19 patients with a better prognosis \[[@bib0210]\].

A multicenter retrospective study showed similar results, which revealed that combined application of LHQW granules (6 g, tid) could notably improve the clinical symptoms of fever, fatigue, cough, expectoration, chest tightness, and anorexia, and reduce the proportion of common to severe cases in COVID-19 patients with common type \[[@bib0100]\]. In another prospective multicenter randomized controlled trial in confirmed COVID-19 cases, Hu et al. showed that the usual treatment in combination with LHQW capsules (4 capsules thrice daily for 14 days) had significantly higher recovery rate, and shorter median time to symptom recovery, as compared with control group \[[@bib0215]\]. Additionally, LHQW group also had shorter time to recovery of fever, fatigue and coughing, and higher improvement rate in chest computed tomographic manifestations and clinical cure \[[@bib0215]\]. However, both groups did not differ in the rate of conversion to severe cases or viral assay findings.

Recently, Yu et al. recently published a clinical study on the treatment of mild COVID-19 with LHQW granules (6 g, tid) combined with abidor (0.2 g, tid) \[[@bib0220]\]. It was found that the total effective rate of LHQW granules combined with abidor treatment (LHQW group) was significantly higher than that of abidor group (80.95 % *vs* 64.86 %), while the rate of severe illness was markedly lower (14.29 % *vs* 23.65 %) \[[@bib0220]\]. After 7 days of treatment, the main TCM syndrome scores (fever, fatigue, cough, dry throat, chest tightness), C-reactive protein and procalcitonin levels in the LHQW group were significantly lower, and the white blood cell and lymphocyte counts were obviously higher than those in abidor group \[[@bib0220]\]. Besides, the effective rate of chest CT in the LHQW group was 69.39 %, which was higher than 62.84 % in abidor group \[[@bib0220]\]. Other related clinical studies also revealed that LHQW significantly improved the symptoms in COVID-19 patients and reduced the duration of fever, fatigue and cough and so forth, which provide preliminary research evidence for clinical treatment of COVID-19 \[[@bib0225],[@bib0230]\].

These data indicate that LHQW prescription protects against the virus attack, and it has been recommended in the treatment of COVID-19 in China \[[@bib0235]\]. Besides, on April 14, 2020, the National Medical Products Administration of China approved modifying the specification of LHQW (Yiling Pharmaceutical Inc.) by adding a new indication for COVID-19 treatment in mild and normal cases. However, the efficacy and safety of which shall be confirmed by more high-quality clinical trials.

4. Perspectives for LHQW use in COVID-19 therapy {#sec0075}
================================================

COVID-19 has led to a great case fatality. The discovery of potential effective drugs on the market becomes one of the principal means to develop antiviral drugs for COVID-19. In response to the severe SARS-CoV-2 attack, TCM has gained high usage in recent several months especially in China \[[@bib0235]\]. The control and improvement of the present COVID-19 situation in China could not be separated from the extensive participation of TCM, which has been proven effective by the clinical studies in COVID-19 patients \[[@bib0205],[@bib0220],[@bib0240],[@bib0245]\]. LHQW is one of the TCM formulations that have been officially approved to treat COVID-19 patients, which may be due to its antiviral, lung protection, and regulation of inflammation response as well as immune regulation actions ([Fig. 1](#fig0005){ref-type="fig"} ). Recent clinical evidence also showed that LHQW in combination with western medicines, such as the other antiviral drugs, is better than that not using LHQW during COVID-19 treatment, suggesting it would be beneficial as a supplementary strategy for treating COVID-19 \[[@bib0205],[@bib0220], [@bib0225], [@bib0230]\].Fig. 1Role of LHQW in the treatment of COVID-19. LHQW: Lianhua Qingwen.Fig. 1

Nevertheless, there are also potential limitations that need to be improved for future challenges. First, the data indicated that LHQW combined with conventional therapies could markedly improve the clinical symptoms, quality of life and absorption of lung infiltration during anti-viral therapy, but the level of evidence is weak due to the included small sample trial and lacking the classification of disease severity. Second, the herbs in LHQW are mostly grown in specific areas, the varied origin of herbs are usually together with different content of bioactive ingredients, thus the quality standard control of the included crude drugs should be encouraged \[[@bib0060]\]. Besides, the collected clinical trials involving TCM in the treatment of COVID-19 were mainly from China and published in Chinese, and thus further well-designed multicenter RCTs from different countries will be more attractive before a definitive conclusion can be drawn.

In addition to western medicine, the potential adverse drug reactions (ADRs) can not be ignored. It was demonstrated that the use of LHQW also brought the incidence of gastrointestinal reactions, as well as skin and its accessories injuries, including diarrhea, abdominal distension, gastrointestinal discomfort, rash, and itching, despite the low quality of the included documents \[[@bib0250],[@bib0255]\]. The complex components of LHQW stand for multiple targets and pleiotropic effects, but may also lead to more ADRs. Hence, the researches on specific active components of LHQW are still important and the reduction of irrelevant ingredients may be related to less adverse reactions.

CFDA has recently approved adding a new indication for LHQW in mild and common COVID-19 patients, but whether it would bring benefits for the severe cases is unclear. Future related studies will provide accumulated evidence to clarify it. Besides, in view of the definite effects of LHQW in preventing severe viral infections such as SARS and COVID-19 \[[@bib0085],[@bib0220],[@bib0225],[@bib0245],[@bib0260],[@bib0265]\], LHQW may represent a considerable and effective strategy against unknown viral epidemics.

In conclusion, this review has summarized the benefits of LHQW for treating virus infection, especially its anti-SARS-CoV-2 role as an alternative candidate and complementary strategy. We hope this review will not only present comprehensive evidence for LHQW use in COVID-19 therapy, but also fuel antiviral researches and put forward promising insights for further antiviral drug development. Nevertheless, pressing researches should be conducted to illuminate the unconfirmed effects, regulatory mechanisms and adverse reactions of LHQW in treating COVID-19.
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